Background: The coexistence of cataract and age related macular degeneration (AMD) is not unusual, especially in the very elderly. The outcome of cataract surgery in these cases depends on the effect of AMD on vision. In this study the authors have compared the outcome of cataract patients with AMD to that of cataract patients with no vision threatening ocular comorbidity, and analysed possible predictors of good or poor outcome. Methods: An observational prospective study on consecutive cases operated for cataract during 1 month at six surgical departments affiliated to the Swedish National Cataract Register (NCR). Data were collected according to the protocol of NCR and subjects completed the Catquest questionnaire before and 6 months after surgery. 90 subjects with AMD were compared to 335 subjects with no sight threatening ocular comorbidity. Results: Difficulties in performing various daily life activities improved significantly for AMD subjects after surgery (p<0.001, Wilcoxon signed rank test). Satisfaction with vision also improved significantly after surgery (p<0.001, Wilcoxon signed rank test). Activity level and independence were unchanged. Subjects with no ocular comorbidity had a still better outcome. The most important variable related to a good self assessed functional outcome was postoperative visual acuity irrespective of the presence of AMD. AMD subjects scheduled for second eye surgery and AMD subjects dissatisfied with their vision before surgery had a poorer outcome. Conclusion: Subjects with various stages of dry AMD and cataract improved their self assessed visual function and satisfaction with vision significantly after cataract extraction. T he number of cataract extractions is increasing in many countries. [1] [2] [3] There are several reasons for an increasing surgical volume such as a higher frequency of second eye surgery, 4 faster surgery with fewer risks, 5 and an ageing society. 5 A substantial number of patients undergoing a cataract extraction also have a coexisting eye disease that may influence the outcome of surgery. The number of patients with an ocular comorbidity in the eye to be operated on will probably increase as the indications for cataract surgery become wider and the surgery rate rises. In a recent cataract surgery survey including a number of European ophthalmic departments an ocular comorbidity in the eye to be operated on was found in 37.5% of all cases. 6 An important outcome measure in cataract surgery is the patients' self assessed visual function. 7 Several studies have disclosed that the existence of an ocular comorbidity in the eye to be operated on for cataract is related to a poor self assessed functional outcome. [8] [9] [10] A large difference between expected and actual postoperative functioning in patients with an ocular comorbidity has also been reported. 11 Age related macular degeneration (AMD) is a common ocular comorbidity in patients with cataract. 6 8 In a European survey of patients undergoing a cataract extraction the mean frequency of AMD postoperatively was 13.7%. 6 With rapidly ageing populations and greater life expectancy, the number of patients with both cataract and AMD will inevitably increase. 12 A few studies have shown that patients with AMD and cataract benefit from a cataract extraction. 13 14 What subset, if any, of patients with AMD is likely to benefit from a cataract extraction is poorly understood. Important questions are, therefore, is cataract surgery justified in patients with AMD and are there subgroups of patients with AMD that will benefit more than others?
The Swedish National Cataract Register (NCR) 1 15 has been registering the occurrence of a macular degeneration in the eye to be operated on since 1999. In this study, we have analysed the outcomes of cataract surgery for patients with AMD at six surgical departments.
We aimed to investigate the self assessed functional outcome of cataract surgery for patients with AMD in the operated eye (AMD subjects) and to make a comparison with patients without any coexisting vision threatening eye disease in the operated eye (control subjects).
METHODS
The following data were collected prospectively from each patient.
• Preoperative data: Clinic, age, sex, visual acuity in both eyes, first or second eye surgery, date on waiting list, known sight threatening ocular comorbidity in the eye to be operated on, keratometry values of the eye to be operated on, and target refraction. • Peroperative data: Date of surgery, type of surgery, and type of IOL. • Postoperative data: Date of follow up, keratometry values of the operated eye, visual acuity in both eyes, refraction of the operated eye, and occurrence of a sight threatening ocular comorbidity in the operated eye.
Visual acuity (VA) was obtained by letter charts and expressed as decimal notations. VA of 0.1 or less was detailed in the following steps according to the medical records: 0.01, 0.02, 0.04, 0.06, 0.08, and 0.1. The decimal notations were converted mathematically to logMAR units 16 for some of the analyses (mean values and description of the magnitude of improvement of VA). Hand movement vision and perception of light were assumed to be equivalent to logMAR 2.0. All patients completed the Catquest 17 18 questionnaire before and 6 months after surgery. The Catquest contains questions about perceived difficulties in daily life, activity level in daily life, cataract symptoms, satisfaction with vision, and independent living. No question refers to the operation itself or to satisfaction with care. The responses are evaluated by means of a decision model. Briefly, an improvement in perceived disabilities, cataract symptoms, and activity level is called a "very good benefit"; improvement in perceived disabilities and cataract symptoms is called a "good benefit"; improvement in perceived disabilities only is called a "moderate benefit"; status quo in perceived disabilities is called "questionable benefit"; and a deterioration in perceived disabilities is called "no benefit."
The NCR data were checked in the medical records of each patient concerning the diagnosis and type of AMD and preoperative and postoperative visual acuity (VA). The NCR data were on average collected 2 months before the completion of the postoperative questionnaire. The medical record check adjusted in most cases this discrepancy of dates. The diagnosis of AMD was entirely clinical, made by the surgeon and based on morphological appearance of macula and visual functioning.
Relation between ranked data was tested using Mann-Whitney U test. Relation between various independent variables and dependent variables was tested using binary logistic regression analysis. The relation between categorical data was tested using the χ 2 test and test of relation between a pair of related variables was performed using Wilcoxon signed rank test.
PATIENTS
Consecutive patients operated on during March 1999 at six surgical units were included in the study. Patients with the diagnosis of an AMD before surgery and verified after surgery were included as study patients. Patients with no known vision threatening ocular comorbidity before and after surgery were included as controls. Patients with coexisting eye diseases other than AMD in the operated eye were excluded. Altogether, 771 subjects were operated on at the six clinics during the study month. The number of subjects with surgical outcome data and completed Catquest before and after surgery was 578 (75% of the total number of patients). The most frequent reason for a dropout was an incomplete questionnaire postoperatively (Table 1) . Another reason for exclusion was cataract surgery in the fellow eye during follow up. Ninety patients had a verified AMD and 335 patients had no vision threatening ocular comorbidity in the operated eye ( Table 1) . Excluded from further analysis were 153 patients with another vision threatening ocular comorbidity in the operated eye. All patients with AMD had a dry AMD. They represented various stages of dry AMD from drusen, pigments, and small atrophies to large geographic scars. The most frequent surgical procedure was phacoemulsification (97.2%) and all patients (AMD subjects and control subjects) received an IOL.
Patients with AMD were significantly older than patients with no ocular comorbidity (mean age 82.4 years v 74.8 years, p<0.001 t test). The sex distribution was about the same for both groups (73.3% female subjects in the AMD group v 69.3% in the control group, p=0.453, χ 2 ). Second eye surgery was significantly more frequent in the AMD group (51.1% second eye surgeries v 33.7%, p=0.002, χ 2 ).
RESULTS
The postoperative visual acuity is shown in Figure 1 . Subjects with no ocular comorbidity had significantly better visual outcome than subjects with AMD (p<.001, Mann-Whitney U tests). The median VA (decimal notation) in the surgery eye postoperatively was 0.9 for controls and 0.6 for AMD subjects and the mean VA (logMAR) was 0.10 and 0.42, respectively.
The functional outcome as defined by Catquest for AMD subjects and controls is shown in Table 2 and satisfaction with vision is shown in Table 3 . The functional outcome signifies the difference between preoperative and postoperative perceived difficulties in daily life and satisfaction with vision signifies the self assessed satisfaction at the time of questioning. The functional outcome was significantly better in the control group (p<0.001, Mann-Whitney U test) and so was satisfaction with vision (p=0.001, Mann-Whitney U test). In the control group 89% of the subjects perceived fewer disabilities in performing daily life activities after surgery compared to 75.6% in the AMD group; 86.2% of the control group and 66.6% of the AMD group were satisfied with their vision. Preoperatively, there was no significant difference in satisfaction with vision Figure 1 Postoperative visual acuity (decimal notation) for AMD subjects and control subjects. between subjects with AMD and those without comorbidity (28.9% satisfied in the AMD group and 23.7% satisfied in the control group; p = 0.940, Mann-Whitney U test). The AMD group was significantly older than the control group. This difference in age may partly explain the difference in outcomes. Therefore, the functional outcome was tested on a subgroup aged 80 or older. In this subgroup there were 124 subjects with no ocular comorbidity and 64 subjects with AMD. The mean age for the AMD subgroup was 85.1 years and for the control subgroup 84.2 years (p=0.093, t test). The functional outcome in benefit levels as defined by Catquest was significantly better in the control group than in the AMD group ( 87.9% improved in the control group v 71.9% improved in the AMD group; p=0.013, Mann-Whitney U), and satisfaction with vision was also significantly better in the control group ( 87.1% satisfied in the control group v 59.4% satisfied in the AMD group; p=0.002, Mann-Whitney U).
The outcome for all subjects was dichotomised in three different ways:
Perceived difficulties in performing daily life activities: (1) >improved or status quo= v >worse= (2) >improved= v >worse or status quo= Satisfaction with vision: (3) >satisfied= v >not satisfied=. Each dichotomised outcome was tested as a dependent variable in a logistic regression analysis. Independent variables were age, sex, second eye surgery, AMD, preoperative disability score, preoperative activity score, preoperative global score, VA surgery eye preoperative, VA fellow eye preoperative, postoperative VA surgery eye. The variable most strongly related to the outcome was postoperative visual acuity in the operated eye (p<0.001 for all three dependent variables) and the occurrence of AMD was not related to any of the outcomes. If postoperative VA in the operated eye was excluded as an independent variable in the analyses and only preoperatively known variables were tested the occurrence of AMD was related to the outcomes (Table 4 ).
In Table 5 the dichotomised outcomes are demonstrated for all patients, both those who have improved their vision after surgery and for those who have not improved after surgery. Improvement of visual acuity was defined as one line or more on the letter chart. The outcome was significantly better for subjects with no ocular comorbidity compared to subjects with AMD when visual acuity improved after surgery. When there was no improvement in VA after surgery the difference between the groups in functional outcome and satisfaction was even greater, but owing to the low number of cases statistical significance was not reached (Table 5 ). When all subjects were grouped in three categories depending on postoperative visual acuity in the operated eye (0.01-0.3, 0.4-0.7, 0.8-1.0), there was no statistical significant difference in functional outcome and satisfaction with vision between the control group and the AMD group (Table 6 ).
The magnitude of improvement of VA (logMAR) in the operated eye was tested for a relation to the dichotomised outcome for control subjects and AMD subjects using the Mann-Whitney U test. No significant relation was found for any of groups and outcomes.
Though the AMD group had a poorer outcome than the control group, the AMD subjects showed a significant improvement in all recorded visual function variables after surgery (p<0.001, Wilcoxon signed ranks test). Visual acuity was improved in 76 subjects (84.4%), the disability score as defined by Catquest was improved in 62 subjects (68.9%), and satisfaction with vision was improved in 58 subjects (64.4%). The total activity score (six daily life activities) as defined by Catquest 17 was significantly better for the control group compared to the AMD group both before (p=0.008, Mann-Whitney U) and after (p=0.003, Mann-Whitney U) surgery. If the comparison is confined to subjects 80 years or older the difference in activity level disappears (p=0.256 and p=0.120, respectively).
The total disability score (seven daily life activities) as defined by Catquest 17 did not differ significantly before surgery between the AMD group and the control group (p=0.096, Mann-Whitney U). For subjects 80 years or older, however, the AMD subjects perceived significantly more difficulties in performing daily life activities compared to the control group (p=0.036, Mann-Whitney U). If this comparison was made controlling for best corrected vision, better eye, the AMD subjects still perceived significantly more difficulties compared to the control group if the VA was <0.6 (decimal notation). For better preoperative VA, there was no difference between the groups. After surgery the AMD group perceived significantly more difficulties in performing daily life activities both in all subjects and in the older (>80 years) subgroup (p<0.001, Mann-Whitney U). For both all subjects and the older subgroup this difference was most evident when the postoperative VA in the operated eye was in the interval 0.4-0.7 (decimal notation).
The perceived difficulties to perform different daily life activities for both groups of patients before and after surgery are outlined in Table 7 . The AMD subjects had more perceived difficulties in practically all daily life activities before surgery. However, the difference between the groups of subjects is only significant in three items for the 5% level (reading paper text, seeing prices, and seeing text on TV). After surgery the AMD group had significantly more perceived difficulties in all items (p<0.001, Mann-Whitney U) ( Table 7) .
As can be seen in Table 7 the activities causing the highest degree of perceived difficulties were those where near vision is used (reading paper text, seeing prices, and doing needlework).
If the same tests were performed on the subgroup of patients aged 80 or older, the result was almost identical. The AMD group compared to the controls had significantly more perceived difficulties before surgery in two items: seeing prices and seeing text on TV. After surgery there were significantly more difficulties for the AMD group compared to the controls in all items. For all subjects with AMD there was a significant improvement in perceived difficulties in performing daily life activities after surgery ( Table 8 ). As can be seen in Table 8 , "reading paper text," "seeing prices," and "seeing text on TV" were the activities that showed greatest improvement after surgery.
Tests of the relation between preoperative variables and outcome for AMD subjects are shown in Table 9 . In these analyses, a number of preoperatively known variables were tested in a logistic regression model against three different dichotomised outcomes as dependent variables. A good preoperative VA in the fellow eye was related to an improvement in perceived difficulties in daily life. Second eye surgery and dissatisfaction with vision preoperatively were related to dissatisfaction with vision also after surgery (Table  9 ). First eye surgery of subjects with AMD who were dissatisfied with their vision before surgery resulted in dissatisfaction for 53.3% also after surgery. Detailed analysis of AMD subjects undergoing second eye surgery in our study showed that 77.8% of those who were dissatisfied with their vision preoperatively also ended up dissatisfied after surgery. Poor VA in the fellow eye (=previous cataract surgery eye) was also related to a worse outcome (improved versus status quo or not improved: p=0.018, Mann-Whitney U; satisfied versus dissatisfied: p=0.003, Mann-Whitney U). Thirty four subjects had AMD and a preoperative VA in the eye to be operated on of 0.1 or less. For those who after surgery still had a VA of 0.1 at the most (n=11) only 27% (n=3) improved their perceived difficulties in performing daily life activities. On the other hand, those who improved their VA to 0.2 or better after surgery improved in perceived difficulties in 91% of cases (21 out of 23).
Cataract surgery also has an impact on independence. The number of subjects with home help before and after surgery is shown in Table 10 . For subjects with no ocular comorbidity there was a significant decrease in use of home help after surgery (p=0.024, Wilcoxon signed rank test), but for AMD subjects the use of home help was the same.
DISCUSSION
The study design was observational and prospective on a multicentre basis. Consecutive cases operated during 1 month were included from six different surgical departments. A weakness in this study was the loss (approximately 25%) during follow up mainly because of incomplete postoperative questionnaires. Earlier studies have shown that subjects not answering the postoperative questionnaire are older and have a higher frequency of other diseases and handicaps. 18 Obviously, a high number of AMD patients did not answer the postoperative questionnaire in this study (Table 1) . Therefore, it is reasonable to believe that the outcome for AMD subjects might have been somewhat worse if all AMD subjects had been included.
One important feature of Catquest is that the questions refer to perceived difficulties in performing a daily life activity at the time of questioning and not to any perceived improvement after surgery. Nor are there any questions about satisfaction with care. It is generally known that many patients with AMD and cataract are grateful for having the chance of surgery and may even say that their vision improved after surgery though this can not be demonstrated by testing VA.
The AMD subjects in this study improved significantly in their visual function and satisfaction with vision after surgery. However, the improvement was not as good as for the control group. As found in other studies 13 14 the mean age of the AMD group was significantly higher. After adjustments of the difference in age there was a significantly better outcome for the control group.
The most important variable related to the outcome was postoperative VA in the operated eye. The level of the postoperative VA in the operated eye seems to be the most significant factor for a good functional outcome and satisfaction with vision after surgery, not the magnitude of improvement accomplished by surgery. Subjects with no ocular comorbidity have generally better VA in the operated eye after surgery than AMD subjects and this is the reason for a better functional outcome and satisfaction with vision among the former group. If the difference in postoperative VA in the operated eye was levelled out by constructing groups with equal postoperative VA, no difference in functional outcome between AMD subjects and control subjects was found ( Table 6 ).
Looking at the difficulties in performing various daily life activities, AMD subjects clearly have more difficulties before surgery than control subjects. With regard to three items this difference is significant (0.05% level); seeing prices, reading paper text, and seeing text on TV. After surgery AMD subjects have significantly more difficulties than control subjects in all items. As a group, however, the AMD subjects significantly improved their perceived difficulties in performing daily life activities after surgery. Greatest improvement was found in activities which use near vision. This was also reported by Armbrecht et al. 14 Predictors of poor outcome in our study were a low VA in the fellow eye and/or dissatisfaction with vision in subjects scheduled for second eye surgery. Obviously these subjects need to be carefully informed before possible surgery. An interesting group of subjects was the one with a low VA (< 0.1) in the eye to be operated on. If VA improved after surgery to 0.2 or more the self assessed functional outcome was extremely good. If the VA was unchanged after surgery very few improved their self assessed visual function. Information about VA before the development of cataract and the possibility to improve VA by surgery seem essential for this group of subjects.
There was no information about the severity of lens opacities in our study and the morphological changes in macula were not classified in stages. This may have disclosed other subgroups with a predictable outcome. However, studies have pointed out that there is no close relation between the degree of lens opacities and dissatisfaction with vision. 19 Furthermore, the prevalence of AMD causing visual impairment is smaller than the prevalence of any visible changes in the macula. 20 We believe, that the most important variables to support the decision of surgery in patients with AMD and cataract are not to be found in morphological changes of the eye, but rather in the perceived disabilities and visual function of the individual.
The disease specific instrument used in this study (Catquest) was originally designed for patients with cataract. Subjects in this study also suffered from AMD. No question to the subjects in our study focused on use of low vision aids or other activities related to a very poor vision. On the other hand, other instruments originally designed for cataract patients have also been successfully used in AMD patients. 21 22 Catquest too, appears useful to distinguish between outcomes of patients with a macular disease and other patients. However, questions about disabilities and activities not included in the questionnaire-for example, use of magnifying glass, or other magnifying devices, might have revealed benefits of cataract surgery not found in the study.
A question of concern, which lies outside the purpose of the present study, is whether a cataract extraction may worsen a 
